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INTRODUCTION 
Cross fertilization between the quantitative nondestructive evaluation (QNDE) 
community and the diagnostic medicine community in the area of ultrasonics represents an 
attractive but challengin~ goal. High resolution, real-time ultrasonic imaging is routinely 
available not only in major medical centers but even in modest community hospitals. 
However, quantitative ultrasonic evaluation based on the physics of the interaction of 
ultrasound with tissue (often described by the term tissue characterization) is relatively 
limited in comparison with the rather sophisticated approaches developed for QNDE. 
We describe an approach to tissue characterization of the heart based on quantitative 
ultrasonic imaging that has been applied in laboratory investigations and studies of patients. 
Among the specific applications included is ultrasolllc characterization of the hearts of 
patients suffering heart attacks that were treated with either thrombolytic (clot-dissolving) 
agents or angioplasty to open diseased coronary arteries. We discuss quantitative ultrasonic 
measurements and images derived from backscatter, attenuation, and velocity. Cardiac 
ultrasonic tissue characterization appears to hold promise for defining the state of cardiac 
muscle with ultrasonic parameters that relate to structural or functional components of 
cardiac muscle and for differentiating functionally normal hearts from tissue impaired 
structurally or functionally as a result of primary or secondary injury. 
Because a significant portion of our presentation requires the use of video tape, in this 
accompanying manuscript we provide only a brief summary of the presentation. We have 
also included an extensive bibliography describing work in the area of tissue 
characterization in general[1-49] and specifically myocardial tissue characterization. [50-
103] 
BACKGROUND AND RATIONALE 
The overall hypothesis underlying the approach is that pathologic changes occurring in 
myocardium alter its physical properties in a fashion quantifiable with indIces such as 
ultrasonic backscatter and attenuation evaluated over a range of frequencies. Quantitative 
ultrasonic characterization of myocardial tissue permits real-time display of two-
dimensional images that manifest the physical composition, structure, and function of 
myocardium. Studies in this and other laboratories have demonstrated that frequency-
dependent backscatter and attenuation reflect pathological alterations associated with 
iscbemia, infarction, and cardiomyopathy. [60,89] These ultrasonic parameters manifest 
physical properties of tissue such as collagen content, myofiber organization, and regional 
contractile performance and may provide novel diagnostic information when used as an 
adjunct to conventional two-dimensional echocardiographic imaging. 
The hypothesis that ultrasonic tissue characterization could be used to delineate 
myocardial contractile performance was proposed after we observed that myocardial 
contraction was accompanied by a decrease III the intensity of ultrasonic scattering from 
myocardium, followed by an increase toward baseline levels during diastole.[56] 
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Numerous reports from other laboratories have since confirmed this original 
observation. [54,78,104-111] We subsequently demonstrated that both the rate of change 
and the magnitude of cyclic variation of backscatter change in parallel with increased and 
decreased contractility induced in dogs by treatment with paired pacing followed by 
propranolol, respectively. [86] We have ruso shown that coronary artery occlusion severely 
blunts the cyclic variation of backscatter, and that prompt arterial reperfusion is followed 
by recovery of cyclic variation toward baseline levels. [87] 
Although the physical structures responsible for ultrasonic scattering from myocardial 
tissue have not been conclusively defined, a theoretical model and supporting experimental 
evidence suggest that the acoustIc contrast ultimately responsible for echocardiographic 
imaging arises because of impedance differences between the extracellular collagen 
network that surround each myocyte (or myocyte bundle) and the rest of the tissue. [112] 
Specifically, an elementary scatterer is modeled as an ellipsoidal shell, having the material 
properties of wet collagen imbedded in a host medium with the average properties of 
myocardium. A substantial number of experimental observations are accounted for on the 
basis of this model. 
RESULTS 
Clinical applications of cardiac diagnostic ultrasound require imaging with the sound 
propagating at varying angles relative to the predominant myocardial fiber orientation. 
Consequently, varIation of backscatter and other ultrasonic properties with the direction of 
propagation m tissue, i.e., anisotropy, is a potentially signifIcant factor. (The clinical 
relevance of ultrasonic anisotropy IS apparent to echocardiographers who routinely observe 
the phenomenon of lateral and septal wall echo "drop out" in parasternal short-aXIS two 
dimensional images, as well as related effects in apical 2 and 4 chamber views.) 
Our laboratory has reported extensive measurements of the angle dependence of 
backscatter and velocity of heart and tendon, as well as estimates of elastic stiffness 
coefficients derived from those measurements.[113-119] This aspect of tissue 
characterization may provide a fruitful meeting ground between the techniques well known 
in the QNDE community and the needs of the tissue characterization community. 
Specifically, determinatIon of the second order elastic stiffness coefficients (and potentially 
of higher order, non-linear elastic properties) may represent an avenue for incorporating the 
substantial body of knowledge of the materials community into the biomedical community. 
A closely related area is that of compensating for attenuation in real-time cardiac imaging. 
Methods for attenuation compensation are mown in the medical imaging community as 
time gain compensation or TGC. Recently developed approaches that compensate for the 
angular-dependent attenuation, such as lateral gain compensation (LGC), can improve the 
quality of conventional echographic images and enhance the reliability of automatic 
boundary detection systems.[120] 
Clinical measurements of the magnitude of cyclic variation of backscatter from 
myocardium have been obtained with a modified, commercially-available 
echocardiographic integrated backscatter imaging system. [121 J Results of these studies are 
best visualized in video tape format. Studies have been carried out to quantify regional 
contractile function and to investigate a number of specific pathologies including the 
detection of stunned myocardium in patients who have suffered heart attacks. 
CONCLUSIONS 
One of the long range goals of this research is to elucidate the physical principles 
underlying the use of ultrasound for the definitive quantification of acoustic properties of 
heart muscle needed for assessment of function and optimal diagnosis. Tissue 
characterization is designed to complement two-dimensional imagin~ by providing 
information based on criteria other than assessment of tissue dimensIOn and motion. 
Cardiac ultrasonic tissue characterization appears to hold promise for defining the state of 
cardiac muscle with ultrasonic parameters iliat relate to structural or functional components 
of cardiac muscle. 
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